Nanofluids have many applications in industries since materials of nanometer size have unique thermo-physical properties. The term "nanofluid" has been foremost introduced by Choi [3]. Basically, nanofluids are solid-liquid composite materials consisting of solid nanoparticles (or nanofibers with sizes typically of 1-50 nm) suspended in liquid.
point towards a stretching sheet. Makinde and Aziz [1] presented an analysis of the thermal boundary layer of a nanofluid past a linearly stretching sheet with a convective surface boundary condition. Contributions on the flow of nanofluids are also due to Sreenivasulu and Bhaskar Reddy [115] , Parasuraman and Chellasamy [116] , Malvandi et al. [117] and Malvandieta [118] . The aim of the present study is to investigate the steady hydromagnetic boundary layer flow of a viscous, incompressible, and electrically conducting nanofluid past a stretching sheet. The effects of dissipative heat transfer due to viscous and Joule dissipations are taken into consideration. The surface of the stretching sheet is convectively heated with a hot fluid which results in the Newtonian heating effect into the system. The Brownian motion and thermophoretic effects are taken into account to model the nanofluid flow.
Such flow model finds applications in high-viscosity fluid engineering devices which work under the influence of an external magnetic field. " Chapter 4. Dissipative Effects in Hydromagnetic Boundary Layer Nanofluid Flow... 64
Mathematical Formulation of the Problem
Consider a steady two dimensional boundary layer flow of a viscous, incompressible, and electrically conducting nanofluid over a stretching surface (at y = 0) that is subjected to a Newtonian heating process, which is characterized by a temperature T f and a heat transfer coefficient h f . Let the x-axis be taken along the surface and y-axis normal to it. The fluid flow is induced due to the stretching velocity u w (x) of the sheet along x-axis while the fluid outside the boundary layer is at rest. The fluid flow is permeated with a uniform transverse magnetic field B 0 applied parallel to y-axis. No applied or polarized voltages exist so the effect of polarization of fluid is negligible. This corresponds to the case where no energy is added or extracted from the fluid by electrical means [119] .
It is assumed that induced magnetic field generated by fluid motion is negligible in comparison to the applied one. This assumption is justified because magnetic Reynolds number is very small for liquid metal and partially ionized fluids [12] . The nanoparticle volume fraction C and nanofluid temperature T at the surface are C w and T w (= T f ), respectively, while these values outside the boundary layer region, are C ∞ and T ∞ , respectively.
Under the assumptions made above the boundary layer equations governing the conservation of mass, momentum, energy and nano particle volume fraction can be written as 
where u and v are velocity components in x and y directions, respectively, ν is kinematic
(ρc) f is the ratio of effective heat capacity of the nanoparticle material and heat capacity of the fluid, D b is Brownian diffusion coefficient, D T is thermophoretic diffusion coefficient, µ is dynamic viscosity, c is specific heat at constant pressure. The subscripts p and f stand for the thermophysical properties of nanoparticles and the base fluid, respectively.
The governing Eqs. (4.1)-(4.4) constitute the equations governing the conservation of mass, momentum, heat and nanoparticle volume fraction. The first two terms in the Chapter 4. Dissipative Effects in Hydromagnetic Boundary Layer Nanofluid Flow... 65 left hand side of Eq. (4.2) presents the effect of inertial forces while the first and second terms in the right hand side account for the effects of viscous and Lorentz forces, respectively. The second and third terms in the right hand side of Eq. (4.3) incorporate the effects of Brownian diffusion and thermophoretic diffusion, respectively while the last two terms in this equation are due to dissipative heat transfer caused due to viscous and Joule dissipations. Equation (4.4) which governs the conservation of nanoparticle volume fraction also considers the effect due to Brownian diffusion and thermophoretic diffusion (see last two terms in Eq. (4.4)).
The boundary conditions for the problem are
where k is thermal conductivity of the nanofluid.
We now introduce the following transformations
where η is similarity variable, ψ(x, y) is the stream function, and f (η) is the dimensionless stream function. The above transformation is chosen in such a way that u = ∂ψ/∂y and v = −∂ψ/∂x.
Using the above transformation, the equation of continuity (4.1) is automatically satisfied and we obtain from Eqs. (4.2), (4.3) and(4.4), respectively as"
subject to the following boundary conditions:
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In the above equations, primes denote differentiation with respect to η and the seven parameters are defined by
where M is the magnetic parameter, P r is the Prandtl number, N b is the Brownian motion parameter, N t is the thermophoresis parameter, Ec is the Eckert number, Le is the Lewis number, and Bi is the Biot number.
The physical quantities of interest are the skin friction coefficient C f , the local Nusselt number N ux and the local Sherwood number Shx which are defined as
where the surface shear stress τ w , the local heat flux q w , and the local mass flux q m are given by
Using the similarity variables (4.6), the coefficients of skin-friction, heat transfer, and mass transfer, are given by
where Re x = uwx ν is the local Reynolds number.
Numerical Solution of the Problem
In order to solve the equations (4.7)-(4.9) subject to the boundary conditions (4.10)
the 
The boundary conditions for the above iteration scheme are
In order to solve the decoupled equations (4.14)-(4.17), we use the Chebyshev spectral collocation method. The computational domain [0, L] is transformed to the interval [-1, 1] using η = L(ξ + 1)/2 on which the spectral method is implemented. Here L is used to invoke the boundary conditions at ∞."The basic idea behind the spectral collocation method is the introduction of a differentiation matrix D which is used to approximate the derivatives of the unknown variables at the collocation points as the matrix vector product of the form (4.21) where N + 1 is the number of collocation points (grid points), D = 2D/L, and f =
.., f (ξ N )] T is the vector function at the collocation points. Higher-order derivatives are obtained as powers of D, that is,
where p is the order of the derivative.
Applying the spectral method to equations (4.14)-(4.17), we obtain The initial guesses to start the SRM scheme for equations (4.14)-(4.17) are chosen as
Validation of Results
The accuracy and robustness of the method have been checked by comparing the SRM 
Results and Discussion
To study the effect of magnetic field on the nanofluid velocity, the numerical values of the fluid velocity is depicted graphically versus boundary layer parameter η, in Fig.   4 in the magnetic field signifies the increase in the resistive force that appears in the flow field due to the applied magnetic field. It is evident from Fig. 4 .1 that the fluid velocity f decreases on increasing magnetic parameter M which implies that the magnetic field reduces fluid velocity in the boundary layer region. Thus the resistive force that appears in the flow field has a tendency to decrease the nanofluid velocity int he boundary layer region. Figure 4 .2(a) which presents the change in nanofluid temperature with magnetic field is quite important as it reflects the effect of Joulean dissipation on the heat transfer.
It is observed that the Joule dissipation has the tendency to significantly increase the nanofluid temperature. The contribution of the viscous drag on the thermal energy of the nanofluid as well as on nanoparticle volume fraction is presented in Fig. 4.7(a) and 4.7(b), respectively.
It is observed from these figures that the viscous drag has a significant contribution in increasing the temperature of the nanofluid. The nanoparticle volume fraction also behaves as in increasing function of viscous dissipation. The viscous drag force has the ability to increase the thickness of both thermal and nanoparticle concentration boundary layers.
The effects of various parameters governing the flow field on the coefficient of skin-friction C f √ Re x , Nusselt number N u/ √ Re x , and Sherwood number Sh/ √ Re x is presented in Table 4 .5. It is observed that magnetic parameter tends to increase the skin friction coefficient whereas it has reverse effect on the Nusselt number and Sherwood number.
Thus it follows that the applied magnetic field enhances the skin friction at the surface where as the rate of heat transfer and mass transfer reduce with an increase in the strength of the applied magnetic field. With an increase in Lewis number there is a decrease in rate of heat transfer while the rate of mass transfer increase with increasing values of Lewis number. As discussed above, this again follows that the mass diffusion increases the rate of heat transfer while the rate of nanoparticle mass transfer decreases with increase in it. Rate of heat transfer is getting reduced with an increase in N b and N t. On the other hand, the rate of mass transfer is getting enhanced with an increase in N b and N t. This, in turn, imply that the Brownian diffusion and thermophoretic diffusion of the nanoparticles tend to reduce the rate of heat transfer from the surface whereas these have reverse effect on the rate of nanoparticle mass transfer from the surface of the sheet. Biot number enhances the rate of heat transfer while it reduces the rate of mass transfer. There is a reduction in rate of heat transfer with an increase in viscous dissipation whereas viscous dissipation has reverse effect on rate of mass transfer.
Conclusions
The flow of a viscous, incompressible, and electrically conducting nanofluid past a stretching sheet with Newtonian heating in the presence of a uniform transverse magnetic field is studied taking into account the effects of viscous and Joule dissipations.
The spectral relaxation method (SRM) was used to obtain the numerical solution of the governing equations in similarity form which proved to be efficient in handling the solution of the governing equations as is evident from the comparison results. The numerical solution for the nanofluid velocity, nanofluid temperature, and nanoparticle volume fraction was obtained using the spectral relaxation method. The values of coefficient of skin Chapter 4. Dissipative Effects in Hydromagnetic Boundary Layer Nanofluid Flow... 72 friction, Nusselt number, and Sherwood number were also obtained. The effects of various physical parameters were studied.It was observed that the effect of applied magnetic field is to decelerate the nanofluid flow whereas to enhance the nanofluid temperature and nanoparticle concentration. The nanofluid temperature gets increased with the increasing effect of Brownian diffusion and thermophoretic diffusion of nanoparticles.
However, the nanofluid concentration decreases with Brownian diffusion and increases with increase in thermophoretic diffusion. Newtonian heating and viscous dissipation both contribute toward the enhancement in nanofluid temperature and species concentration. It was further noted that the skin friction at the surface increases with increase in the strength of applied magnetic field. The surface heat transfer is reduced by an increase in Brownian diffusion, thermophoretic diffusion, and viscous dissipation while the surface mass transfer increases with increasing thermophoretic diffusion and viscous dissipation while it decreases with increase in Brownian diffusion. 
